Abstract
Introduction

Approaches to determine the frequency of antigen-specific B cells were developed several decades ago and were based on the ability of Ig receptors of a clone of naïve B cells to bind labelled antigens [1] or to score B cells producing specific antibodies in Jerne' plaque forming assay. Such approaches were useless for studying the frequency of antigen-specific T cells because while B cells recognize epitopes of the native antigen, the T cells binds only peptides derived from the processing of native antigens by the APC and the presentation to T cells in association with MHC gene products: class II for CD4
ϩ [2] , class I MHC for CD8 ϩ [3] or glycolipids in association with CD1 in the case of NKT cells [4] . The first attempt to determine the frequency of antigen-specific T cells by flow cytometry was carried out using solubilized MHC molecules from the membranes of APC [5] or recombinant MHC molecules loaded with peptide in vitro [6] . Abastado et al. [7] [9] . The multimerization of monovalent MHC-peptides provided a more efficient and accurate method to determine the frequency of antigen-specific T cells. Altman et al. [10] 
had made a real breakthrough in the development of recombinant-peptide-MHC tetramers as a tool to measure the frequency of antigen-specific T cells. In this attempt, the human HLA-A2 heavy chain expressing the BirA-dependent biotinylation site at the carboxyl end was tetramerized with streptavidin and was successfully used to score by fluorometry low-frequency HIV-specific T cells in HIV-infected patients. Ensuing years have seen an impressive growth of numbers of MHC class I heavy chain-peptides or ␤2-microglobulin-peptide tetramers used to determine the frequency of antigen-specific CD8
ϩ T cells [11, 12] . Tetramers made of MHC class II-self peptides or peptides derived from foreign antigens were used to score auto-reactive or T cells specific for foreign or tumourspecific antigens [13, 14] . In addition, ␣-GalCer-CD1d tetramer was used to determine the frequency of NKT cells in human peripheral blood and in lymphoid organs of various animal species [15] . [17, 18] . To unify the naming of these molecules containing a variety of peptides and MHC alleles, in this review we will refer to these molecules as DEF (dimer I-E-Fc), which was the first abbreviated name of the first dimeric MHC molecule created in 1997 [17] . Figure 1 presents (Fig. 3B ) [22] . (Fig. 4A ) [25] .
• DEF-interphotoreceptor retinoid peptide: [26] linked to ␤-chain of MHC class II I-E r and fused with Ig chain (Fig. 4B ).
• NOD-DEF-GAD65: GAD65-217-230 peptide [27] [23] . [22] . [28, 29, 30] . [32, 33] , and CD28, which binds to B7, ICOS and CTLA4 [20] . Although the binding of CD4 to MHC class II molecules has an extremely low affinity [34] . (Fig. 3A) .
(B) DEF-GAD65-DRB1*0401 with covalently linked human GAD65 (271-285) peptide and dimerized through human IgFcg1 (hDEF-GAD65). The GAD-DEF chimera was made of the extracellular domains of HLA-DR*0401 dimerized through human Ig-Fc␥1. The human GAD65(271-285) peptide was covalently linked at the N terminus of the B1*0401 chain. Genes encoding for HLADRB1*0401 and hinge-Fc␥1 were obtained by RT-PCR from human IgG1 hybridoma, ZM-1 (ATCC)
specific T cells [17]. An important question that was addressed in further studies dealt with the biological mechanism of DEF-TCR interactions leading to the activation of T cells. Three models were proposed for the activation of T cells via TCR: the aggregation, dimerization or multimerization of TCR
Ͻ10 ؊4 M Ϫ1 [33],
we observed an early phosphorylation of p56lck and ZAP-70, occurring at 5 min. after incubation of T cells with DEF-HA. In vitro activation of HA110-120 specific T cell by DEF led to increased synthesis of IL-2, IL-4 and IL-10 but not of IFN-␥. This corresponds to lack of phosphorylation of STAT4 and hyperphosphorylation of STAT6
Type [22] (Fig. 3B) 
DEF-GAD65 stimulates in vitro secretion of IL-10 but not IL-2, INF-␥, IL-4, TGF-␤ or TNF-␣ by peripheral blood mononuclear cells (PBMC) from patients with T1D, first-degree relative and unrelated controls expressing DRB1*0401 molecules. hDEF-GAD65 stimulation of CD4 ϩ T cells from diabetic patients induces an IL-10 dominant response. IL-10 secreted by hDEF-GAD65 stimulated T cells from diabetic patients exhibited a suppressive effect on tetanus toxioid specific T cells when T cells from PBMC of diabetic patients are stimulated with hDEF-GAD65 and were co-incubated with tetanus toxiod stimulated T cells. These observations strongly suggest that hDEF-GAD65 stimulate T regulatory-Tr1 cells, which may regulate auto-reactive GAD65 diabetogenic T cells [22]. A DEF like molecule was also used to determine the frequency of CD4 ϩ T cell mediated experimental uveitis (EV) in mice, which is a model for human autoimmune uveitis. EV maybe induced in B10-RIII mice by injection of interphotoreceptor retinoid binding protein bearing auto-immunogenic dominant epitope161-180. A DEF like molecule composed of peptide (161-180) covalently linked to I-A r was dimerized by addition of mouse Ig
k chain [25] . 
This molecule stained 90% of a peptide-specific T cell line and increased its proliferation in presence of anti-CD28 antibody. In summary, DEF molecules containing epitopes derived from foreign antigens or self-antigens were successfully used to
In vivo effect of DEF chimeras on prevention and reversal of autoimmune diseases
In vivo effect of DEF-like molecules was studied mainly in mice spontaneously developing T1D caused by autoreactive T cells specific for various ␤ islet cells pancreatic antigens. The presence of Th1 cells specific for GAD65 present in pancreas correlates with the occurrence of insulitis [44] and this disease is transferred by stem cells, splenic cells and most importantly by T cell clones isolated from islets of NOD mice [44-47]. The effect of DEF molecules in T1D was tested in double transgenic (dTg) and NOD mice. The major difference between these two animal models consists in the monoclonal nature of diabetogenic T cells in dTg mice and polyclonal nature in NOD mice. The first model consists of dTg mice obtained by crossing of TCR-HA, Tg mice expressing the 14.3 TCR specific for the haemagglutinin110-120 CD4 ϩ immuno-dominant epitope of A/PR/8/34 influenza virus with RIP-HA-Tg mice expressing the HA protein of A/PR/8/34 influenza virus under RIP in the pancreatic
␤ cells [48] . The dTg mice developed a juvenile T1D [49] . (Figs. 5A) . The data illustrated in Figure 5B shows (Fig. 5C) 
the persistence of synthesis of insulin in islets transplanted into the capsular region of kidney. The long-lasting euglycaemic status observed in mice transplanted and treated with DEF was attributed to the long-term survival of grafts, because a relapse in hyperglycaemia occurred shortly (1-2 days) after nephrectomy of the kidney bearing islets
